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I Abstract

ihis report describes a general purpose computer package for analysis

of the composite criterion model of Srinivasan and Shocker ft yhome kK- ,

o- . 36, . 4. A standard format allows data for a wide range

of applications to be analyzed using this package. The report describes

the development of the package, including the data base and the FORTRAN

codes for performing the analysis. The sample problem used by Srinivasan

Iand Shocker is analyzed to demonstrate the package.
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A COMPUTER PACKAGE FOR THE COMPOSITE CRITERION MODEL

The composite criterion model was proposed by Srinivasan and Shocker

3 [4] as a technique for analyzing a decision maker's preferences when there

are multiple conflicting criteria. The model is based on the assumed

existence of a value function which assigns a cardinal score to any alter-

I native. Associated with alternative i is a vector [aj] of attribute

values. The value function is assumed to be:

I W v([aj]) X w aij (1)I :

The goal of the composite criterion model is to use a limited number of

I explicit pairwise comparisons to reveal the proper values of the weights,

w, for a given decision maker.

Given two alternatives, i and J, if the decision maker prefers i over

I , then it is assumed that s• t s, i.e.,

or (aij-aj) vk > 0 (2)

k i sjk

Thus, if we have a set, 0, of pairwise comparisons, there is a corresponding

set of constraints, (2), which must be satisfied by the weights wk .

Since it is possible that the decision maker may err in the preference

responses (or that the linear value function assumption is not completely

satisfied), the feasible set defined by (2) for (I, J) e n may be empty. "?
In that case, we would like to determine a "best" set of weights.

The composite criterion model, as proposed by Srinivasan and Shocker,

-determines the set of weights which minimizes the sum of the infeasibilities, 'V
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in the constraints (2):

minimize Z (3)
(i,j)c

s.t. a ij k + • 0 (i,j)cn (4)kcPZi

I I I aijk w'kn (5)
kep (ij))hn

I zij > o (i,j) . (6)

Wk > o k c P1  (7)

wk < 0  k c P 2  
(8)

I wk urs kcP3  (9)

1 p PI U P2 U P3; Pi n Pj o @i jI

Note that in order to determine the weights, wk , the linear programming

I problem (3) - (9) must be solved.

Any composite criterion problem is defined by the sets n, P1 " P2 " P3

and the vectors [aijk]. Thus, it is reasonable to develop a general pur-

pose data base and solution procedure, The package we have developed is

based on the overall design illustrated in Figure 1. The LP optimizer

is the XMP suite of FORTRAN routines developed by Marsten [I]. The entire

I package is written in FORTRAN (ANSI 66), is reasonably portable, and can

accomodate problems with as many as 30 restricted attributes (or 15 unre-

stricted attributes) and 100 pairwise comparisons.

Parameter sizes on the CCHODL program can be increased to accommodate

I'
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any size problem with the amount of array space increasing as a function

of the model parameters. Let:

MAXFPC - maximum number of forced-paired comparisons,

I I4A.XM S - maximum number of weights that can be specified
where every unrestricted weight counts as two
weights,

A number of words required for array storage,

I Then:

A > 63 IW.FPC + 7 MAXWTS + 4 (MAXFPC) (MAXTS)

I + 12 ( ULXFPC +1) (LknwTS) (MAXvPC) + 151+ M&\"T.rS + 3 MWAXPC + I

I STANDARD CC DATA BASE

3 The data base contains a complete description of the problem, from

which the interface routines generate the LP coefficients. There are five

record groups in the data base:

group 1: tis is a title record to allow a description to
I :appear on the report; (1OA8) format,

group 2: this gives the magnitude of the problem;
(KATTA, KSTNIl, KFCOMr), where,

KATTA = number of attributes
KSTP.L = number of stimuli or alternatives
I FCOMP number of paired comparisons

(315) format

group 3: a set of flags to indicate sign restrictions on
the weights; the first record is

1 if P - P3

(0 otherwise

(12) format;

If KWFLAG - 0, then KATTA flags KW(i) are required,
one for each attribute

I if i C PI

KW(i) - if i C P2

1 if i C P2
I.2if i t P3  :

(12) format.

R __



group 4: the set n; KFCOMP pairs (I, j) are required
I' where i is preferred to j

(214) format

group 5: attribute values; for each stimulus, a set of
KATTA values are required, in (8F10.O) format;
KSTMLI sets are required.

Example.Sinivaan and Shocker describe a small problem with five

stimuli and three ittributes. The data for this problem is given below:I
n -{1,2), (3,1), (1,4), (1,5), (2,3), (2,4), (5.2), (3,4), (3,5), (5.4)1

I *PmP 3

I Stimulus Attribute Vector

1 (2,6,6)
2 (3,4,7)
3 (5,4,4)
4 (6,3,2)i5 (8,1,3)

The standard CC data set for this problem is given in Table 1.

* There is a small difference between this problem and the Srinivasan and

Shocker problem in [4], the difference being that In [4] all weights

I are restricted to be non-negative while in this problem all weights

are unrestricted.

LP OPTIIZER

The LP optimizer is the XMP package developed by Marsten [1]. XMP

Implements a revised simplex algorithm and uses the LA05 subroutines to

manage an LU factorization of the basis matrix from the Harwell library.

XMP is written lu a "Vanilla" FORTRAN where only very simple features

of the language have been used. XMP operates in main memory where the

memory space that DIP uses must Pe provided by the calling program. DIP'

is hierarchically structured and any IP subroutine may be called at any

level of the hierarchy.

7
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The design objectives of XMP were flexibility, extendability, and

I reliability with execution time as a secondary objective. XP contains

46 subroutines, 10500 lines of FORTRAN and requires 10395 words for the

object code.

IINTERFACE ROUTINES
The interface code MCCMDL, consists of 551 lines of FORTRAN and is

internally documented. The code requires 1246 words for the object code

and 29708 words for arrays (this includes the arrays required for XDP).

As presently configured, MCCMDL can accommodate 100 stimuli, 30 attributes

and 100 paired comparisons. The number of paired comparisons is the cri-

tical parameter, since it increases both the number of variables and the

number of constraints in the LP problem.

The CCMODL program was used to solve the problem described in the

data set listed in Table 1, the output is shown in Table 2. The results

shown in Table 2 are the same results obtained by Srinivasan and Shocker

in [4]. The run was completed in .486 CP seconds.

As discussed in [4] and as seen in Table 2, stimuli 1, 2, 5 have the

I same score. This occurred because of the number of intransitivities in

the pairwise comparisons in the example. Since every Zi except Z- .02174,

is equal to zero this implies that every preferred stimulus ins pairwise

comparison-has a higher score than the other stimuli in the comparison

except in comparison 5. In comparison 5 the Decision Maker preferred sti-

mulus 2 to stimulus 3 when comparing scores we see that stimulus. 3 has a

higher score (by .02174) than does stimulus 2.

A listing of the FORTRAN source for MCCMDL is given in Appendix A.

I.
|I.
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I Table 1. Standard CCMODL Data Set for Sririivasan-Shocker Example

Trial I For The C.C. Nodel Program, All Weights Are Unrestricted

3 5 10

2 1 2
3 31
1 4

1 15

1 23

2 4

5 2

3 4

I35

I5 2. 6. 6.

I3. 4. 7.n

5.' 4. 4.

16. 3. .2.

I. 8. . 3
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ITable 2. Res ult for Srinivasan-Shocker Example

TRIAL J. FCR; T4 i; C*C *1OE FF;CG;A ,,ALL WEIGIHTS APELNRESTRICTEO

3THE OFTIMsL CQ2J--CTIU- FLNCTICN %I'ALU= IS Z= .02174

WrEICHTO k3V4LU7E*

2 .19565

3 .1E217

z -7- *VALU;-**

1~0 .0000

2~0 .00000
3 0CCOO

4 0 .000 coI5 *02174
6 c .00000
7 0 .00000
8 a0.0000019 0.00000

ISTIIVLLLS -**-SCORE**

I 2o56522
2 2.56522
3 2 .56961 .4 2.32609
5 2.56522
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C PhUGHAt-i t;~LLX UO~UT t5 ie6,T~~=~TUTkL

C Ttth ?UhiwOb OF ThIS Phuhi i o rL'vE 'rE C UoVrrz CRIlTEN1tI-WhtLL
c b ThE USE Of LIUN.AR i OUfAtW&I. ThE L.P~. IhODEL h~ILL BE. SOLVED. BY ThE
C Xdii SULRObTILt. PAKAz
C
c SlINCE ThE X-ld? P~ACKAGE. OF SiJBrGUTIht.S 13 SO iiLL IXJCUZ4EttTLO ThE CC*'±F.NTS
C Ii THIS ?hAhkh V.ILL ONLI bE ~ilhtCTLD T06AfiD THE VAHIkELLS AND LOGIC OF
c ThIS YOGRAN' ON~LY. TnE PARTS OF Thi.,S PROGflAI' COVERED lii ThE Xhe D0CUlQ.b;T-
C ATION ILL bb. SET Of BY Thi FOLL011;G --------- ------------

C Thi.S PitOG.RAli IS kRITThi. BY I~riAL' K.. RUhIAH UhDER THE DIRECTIOt. OF
C DRt. LEON F. h~CGItIS.
C
C GEGOIk INSTITUTE: OF TEChL.OLOV-1, FA1LL 1960.
C
C D1ESIOL STATEMN1TS

DII1I1IISION~ JEAfkEii(10), KIDk.F(3(i)

C LEE OPIEGA( 100 ,2)

c FUN ChAhGi.S lb Tiij. YA k~s-ThiehE ARR~AY SIZES SkiOULI) Eb~ ThE
c FOLL611;GSIZE.

*C %TIlI1-=X~k' K, FAXV;S)
C K60(L'AXILTS)
C WEIGhT(I4AW~S)
C XhlALF(NAXFPC+1 ,VAkUTS)
C Z2(MAXFPC)
C kEADER(10)
CO XEGA(LAFPC,2)
C LWF(-AX*WTS)
C
C
C--- ---------------- - --- .--- ----- ------------------ --

C DIhli,.SION AI4D VARIABLE DEFINITION1 FOR XHP
REAL b(1O1),BASCB(101),bASLB(101),BASUB(101),
X BETkf(11),B-OU,CkiDA(101,5),CAI !CJ(5),CJ,COLA(101),
IL LJ,4MORY(20700),IJJ,UZERO(IOl),XBZERO(1O1),YQ(1O1),Z

C

INTEGER BNDTYP,COLLEN ,COLI4Ai,OFEASQ,DTEhHi,DUIBR,

X ITE;Ri ITER2,LENHA,LENMI,LENM% ,LOOr.,-t&,APA(2O),

1UUBDD4,BASIS(1O1),CAL)(5),CAMJI(11,5),CA.DL(5),
X COLI(1O1),RO~iTYP(101),STATUS(331)

C
REAL VALUE
1NTWhEf I1h , COL3A, IT, 55
CLNiot. ST1H-L1,KW,WEIGhT,iAhALF,22,HbALER,OiiEksAb,EASCb,BAsL6

-kIibAIS, CAWd,CANIII,C lbL, COLI, KTIP, TAThS,kWD.EF



Ic lld ChAZ~t~S INd ThL. li.;.L0,A(kP) PkhA4-L.ThS The. S12.t OF ThE JhOHLLN,
C lb L1lT D LI) M EX AVIAILtWI.LtTI OF CUNPUTkEi COhb.
C fOh h'K~bLLCP.8 LARCzkzi Ts;. - 30 mt.,-ThCT.D ATTH~lbuTcS( 15 UNHL(:ThlCThto

*c AfTRIbUTt.S) AiD 100 FIRiIbi CONPAnltSlOhS SET ThE bt;Luln kAhAi~tTk~tS
* qC TO THlE FCGLLOU!t.U VkLtS.
* ~c

c ~~X~r+

C Lhk.Z >= 11 (4wESihi,*i2
C DLN~S6=,NiAXA/ (hk)i'..)
C -I C
c C If.ITIALIZE. VARIALS FORi X!P
C

I0l1b=5IoH=
IOLOG=9
IiAxA=3331

tiAXN=331
COI~t.A~

I LUOI 331
kFACTuh=1O

btiITY'= 1

c Th UPTWHT~lfi Ti-.EPRINT STATEl~iTS WITH~h fpVILB

c LHE ThIS PfiCURAh IS RUN FntOM A ThI~itAL. TO READ THLi COIii.tTSI OF ThIS FILE YOU DO ThE FOLLOYwING AFTER ThE PhJOGRAh hAS FINISHED
C HkuhG.

C Cofl,TAPL

C ThIS FILE. IS LOST IF N~OT "SAVE"I-D AFTER ThE RUN4.
CI C-- --------------------------- ----------------

C INITALIZE ALL PARMIETERS OF ThE M~ODEL
H~AXATT=30
IIAkSTI=100
1R.AXFPC: 100

C ZERO OUT THE~ K1WDEF AN.D THE VjEIGhT Af(?AYS
DO 7 KARRAYrn~hAXATT
I(AWiEF(KARRAY)=O
blLIGhT(KZAfhAX )=O.I 7 (XOiTI14UE

3C VAR(IAB~LE LIST



C ii

it 3 TiIhLt(I,J):5 ATThIbUTE J ilTh/~R.StIECT TO STIl-ULUij I HkS L SCORL

C UOiLGM 1(, 1) L STIKULUS L IS Pti.kii~i) TO STIt' 5,ULUS t. IN A EOJ{CED

C (jLGA(I,2)%*i iAIhtLD C01*.?AfISOh.

C ' IGh7(l)=T VALUE OF TEhE I'Th 6IGhT,GOTTEtJ FR,- XrNi

C RhALF(I,J)=A CO:.FFICEN1T 0? Tht; J'Th V.E1GhT V.-Th/it~sk'LCT TOI C THE I FORCED PkIkEi Csi~ISOM. I.E. THIS 13 Tii6
C CO!EFFICENT OF T6e. J'Th VARIABLE AND I'Th CONSTRAM fiI C Z2(I)=IR VALU. OR A,%OUIdT THE~ I1TH FURCE) PAIKEU CC*LPARISON f

C toIS tNOT 6ATISFIEIJ 61.
C is KwfJF(I)=k K=1 3 tEAtNS THE~ I'Th WELI'VhT IS libliFIfID K=O0t1hANS THE
C itI'TH IVEIGhT IS DZ:F;Il'tDI C& KATTA V (#F ATTRITE~TS
C KSTh-LI #~ OF STIMLLI
C * KFCOM? v OF FURCED, jFAIR :D COh~PANISOuS

*C N 4UNoTS v OF Ih.IGhiTS USED IN~ THE Ld.(.M . W-.EW A iEIGHT
*C IS UkREtSTRICTEu IT 6ILL TAKE UP TWO OF THE tIUz4ITS IN

C THE L.P.)I C KW.FLAG -1 ALL I.TS<=0 , 2 ALL 1I.TS UN'RESTkICTEO, 1 ALL UrTS>=C,
C 0 w~ AhRE FIXLED.

c Kv.(I) ThE I'TH ISIGriT la OF TdE A kARTlCuLAR DIRECTIOh,I C 6'hICh IS 01' Tnc Sf"E COLIh~G AS FOzi KINLAGUI.CET Fuh
C 4'ThE ZER~O VALUE)
C " KERHORh A F LAG USED TO Ci-CK FOR hfiROPS ItIT ThE IRP~iT DATA
C H lAXI6S PNAkI IbE OF WEIGHT!S ThAT CAN b4 6SEUIN T SOLYIIhOI C Tj2B C.C. J MiL
c ' tAXSTI bAA. NUINBEkt Of STIhULI THAT CAN BE SPECIFIED f

C M AXFPC MAX)> NUNBER OF FORCED PAIhLtD COmPARIS"ASI C * bAXATT HAX Ilkibift OF ATTR1f6UTES ThAT CANi Ei SP~ECIFIED
c 4 hEADER Ah' ARRAI TO HOLD bO CHARIACTE.RS OF PziOBLeL-I DISCRIPTI(A
c
ClC WHITE OUT THE HIEADINIG FOR THIS ?RUGRAKi
c.
C

wRiTE(6,215)
215 L'ORNAT( . ......................................

...... +... 4+l............+...........+ ,/9

----------------- ------------------

WHIT;(6, 1286)13I.MTl " TE,0, ~IIX"Ph00RA1"
WHITS~b,.2-6



-21k,"GFACLTI SOSR L. F.

c ht!Ab IN Th, IiiADERi UE{ PitUbLu-1 STATLE~.kdT OF ThE ktOGNAti

1740 IORfrLA(1O)
ItkAJJ(5, to) kATTA,i"riL1,hFCOtar

10 FMhL.IT(315)IC CHEiCK kok 2.LhiO VrALUES Oi- KATTA,KSTh-LL,KC(,ri-P
IFM~ATTA.L6.O) Go TO '44
1E(KSTtL:LI.LE.O) G0 TO 41,
IF(kFIC0O.1.LE.0) GO TO 44I GO Tu 77

'44 b6RIT(6,bo)
bb FURrhAT( 110," Chk.CK ThE VARIAbL S, KAM~A, iSTv.L1,kFCOIP, ,FOR VALUES
-LESb ThAN OR j QAL TO G. *ERROR 9"

15 F~lc-AT(3212)
* 15 IF i.FLAG.EQ.0) GO TO 1bb2

* C IbITIALIE~ ThE VALULS Of LACh K.(t) If KiFLAG IS tMOT EQurL To 0.
DO ibbi I.hT=I,rATTA11 ii (1ST )=k'IFLAG

* 16b1 CUs.TINUEI. 1682 CON.TIkNUE

C

C *ERROR I IWaOE ThAN L'AATT ATTRIBUTES HAVE. BEE14 SE'LCI.FIED
C E~fiOi 2 lkOhE ThAN hAkST1 STIULI HAVE B.EEN Sftr.Cll.E

I C "- RRU1 3- k.OkE TiiAh k.AXFPC FORCE MEIikJ CC?1PARItSOIS HAVE SELJU SPECIFIED:
C ERROR 4 ThVALII) VALUJE OF KLFLA(L HAS EEbh SPECIFIED
C RROR kJHWiTS IS GREATER ThAI. NAXITS
C ERROR 6 A SPECIFIED WEIGhT ,I.E. K(I), hAS AN4 ThYALID VALUEI ERROR o; TljLSI OTO eG A FOk(CED CM IO

C
C
C hEG~h Chk.CKI.W FOR OThER ERRORS
C

KERIIOR:OI If(KATTA.L.l-iA)ATT) GO TO 20
6RITE(a,30) K&TTA01A)ATT

30 FORM.AT(lftO,Ib," ATTRUIBUTES HAVE bib SPE.CILFIED0 ThIS IS IN E~XCE.SS
-OF TiE",15," ATTR~T93TE ThAT CAN BE bECIFI.D. *&hROb 1")

-- 20 Ieii8TZLI.L~kAXT)GG TO 35



45 k'OkiMAT(lkl,16,1 bT1ILI hAVk. bzr, SOLLID, ThIaS IS Ii eXCES~i OF

-T i t6 "116 , "1 ST UI LI T nA T C A ti b i.Lh L . u ~ o "

35 W~k COMi'.L.MAXFrC) GO Tu 50

bCJ fr'hAT(lhO,I6,' i'CAICED kAlfEL COMHI.WLOIS IIAVk bEEk4a SixI.FILij, Tkl

-S IS IN~ EXCL.SS OF The. ALLOALL,1o,". 'ckh1(0R 3"1)

50 1kF(KiWFLAG.EQt.-1) hO TO 52I IF(KWkFL~A.E.0) GU TO 52
lF(K~eLAG.E.J.1) GO TU 52
.tF(KV~frLAG.E.C.2) GU TO 52I likIT6,110) KiFLAG

110 FOEMtAT(lhO," ANt INVALI) VALUE, OF KtiFLAG=11,14," hkS bEENi SP'ECIFIED.

KLHRO*R=1I 52 C~hTIUE
IF(iKfiROR.EQ.1) G5 TO 9999
IF(*IFLAG.hE.0) GO TO 1207I DU 2231 JUF&P=1,ATTA'
KLZ=K1i(JU1-P)
IF(KLZ.EQ.-l) GO TO 2231I Ik(KLZ.kXJ.2) GO TO 2231
Ie(KLI.EQ.1) GO TO 2231
UHlM.b,5431) JWkLL,KL.

5431 eOJ6*kT(1h ,"Ahm INVALID ~VALIL k. fOz A SPt.CIFIED
..,"hEI~GhT DIREMU!C iuc AS bk.hN kbiiCOUtThA~.D,/

-"CriiCK TftE",14," ENTEifl FUR A VALb. OF"-,I3," *LfhOt 6"1)
KEioCR= 1

1267 CO;TIhUE
C ChECK TO SEE IF TkE LImIlT LA~T AS LW, E)kCEEbED

IMCABS(KiWFLAW)-1) b5,120,75
C WhEN ALL IsEIGhTS AiRE Uttn.STthICTELi

75 L22=hAkWTS/2
IF(KATTA.LEL22) GO TO 120GoTo6

65 KKTEtP=O

DO 90 ITT=l,IibhWTS

LKTkA.IPmKIKTMP+IABS(K1,( ITT))
90CONTIhbE

IF(KKTP.LE.WAAMXS) GO TO 120
cTHE~ LIHIT fiAXWTS hAS BEEN EkCEEI)ED
65 WNItTf(6,m0)

105 FOJRiAT1IKO," A hAXIMUM OF 30 WElUhTS CAN BE SPECIFIED UKERE EVERYXI. -bkRSTRtICTEJ ILIGhT COUbNTS AS 2."/" ThIS 30 bWEI~hT L161T hAS bEMk
-EXLCEEDED. '*ROB 5"1)
KkEthOW=

120 IME1K RJi.EQ.1) 60 TU 9999
c RELAD 1h~ THEf St.T OF F~UDP~~d~COOiARlSONS(U1*.OA) Cht:CKIhG 101
C k1(fOhS AS EACh hBEi UP ThE SLT IS READ IN.

M)O 140 1PP=,K'C~amP



1tF(TT.I..T.1) 60 TO 145

IF(TT.GT.KST6~LI) GO hTi 145

IF(bS.LT.1) GU TO 14;5
IIF(SS.G;T.kSTtk LI) iUu To 145
GCJ TO 140O

1 15'. FURh:AT(1ci1," Thi.", 14, 'a FornCt~l ±-AIR~iL CuoiikAhl )U COI4TAIiS A SiTIEULU
-8 ThAT IS OUT Oi' RAI.LE CkhECK~ ('"13,"13,"). *ERRORt b")

IKERRUt= 1
IF(KzfRR.E.C.1) GO TO 9999

14U CONTINUE
CIC READ IN ALL ThE VALLetS FORi ThE. ATTRILUTLS ONE STILMULIUS AT A TMIE
C

DO 155 KIT=1,KSTIhLl
READ(5,160) (STItiLI(KIT,JiST) ,JEST= ,KATTA)ii 1o0 FbRMAM~F1O.0)

155 CoNI6tUE

C. M EmN TiiE COmFFICiE.TS OF~ THE ELIGhTS IN~ THE CON~STRAINT MT
c LY 5UBTflP.Cq&TIlG ThE. SCORE OF A CiRTAIIh ATTRIBUTE Ui/f TO A, STINULUS I

* C FOR THE SCOihE OF~ ThE SAi-IL ATThlBUTk. 1.f TO A Sfl'AULIUS J 1UiEN J 15
C 2X~jsAL TO 1 114 A FG~ChL keAIREO IP ~ARISON

* IM(ABS(hKIFLAO-1) 1b5,170,175
- C ALL WEtGhTS AR.E ElTh ,±i 14EGATlVE OJR POSITIVE~

170 DO) 100 IABC=1,KFCUMPI KFIRST=Ot;.LGA (IAbC, 1)
KSEChD-OMiEGA( IAiC ,2)I C 1ETi1MhIMi ThE I'Th COEFFICEIT ROW OF THE COtISTRAIT MIATRIX WHERE ROW4 I

C CORiRESP'ONDS TO ThE I'Th FORM~L PAIRED CON*PARISON
DO 100 JDEF=1,N'ihliTS
RHALF(IAbC,JDEF)=KFLAGU (STINILI(KFIhsT ,JOEF)-STI~hLI(KSECkhD,JDEF))

C KEP A RUNINGh TOTAL TO DETE~hIibE ThE h'TH ROW OF THE CONSTRAIiT MIATRIX
RhALP(k4,JDEF)=hALF(i,JDEF)RHALF(IAbC,J'.-F)

100 COt4TIZ'UE
* GO TO 210
*C ALL WEIGhTS ARE U?RESTRIGCM

175 h~i-WTS=2*?NUWTS
DO 200 IABC=1,KFCOXPI KFIft6T=OMEGA(IABC, 1)
KSECtV=OMEGA( IAbC ,2)I C DETEFRNIN THE COEFFICEtIT OF THE CONSTRAIN4T M4ATRIX WHEN~ ALL THE USIGHTS ARIE

C UhRESTRICTED
DO 200 JDLF=1,k4UhWTS,,2IC COEFFICEiT OF W9IGhT(JDjEF). AND COK.%ThA~hT IAbC
KSCT=(JDE.F.1)/2
RIIALF(IAEC ,JDE)=STIL(KIRIST ,KSCT)-STIMLI(SECID,KSCT)

C COLFk'ICeNT OF IEIGhT(JD&F)- AND CONSTRAIhT IAEC

M ___



UT
U C A hflaING TOTFAL 0? Ti-.E vi'Th iiCi OF ThE. CONJSTRAINT tFIATRI).

I 200 CUtNTINiJ
GO TO 210

c THEfr 6kIGhTS Ah1L MIXkA,I 1~b5 IX) 300 i~=p.~:~
KFtfiST=O!iLGA(IAb:C, I)
KSECt~b=0NEGA( IAhC,2)I KTLhNP=O

C KTENP IS A lRUMta.G TOTAL Ov Tht; OF COLUNt4S TAKENF UP bl ThE 6iEIGhTS
IA) 300 JDiF1l,U .TS
IV(IAbS(KW(JDiF)).GT.1) GO TO 105

CTkaE JIJEF'TH WEIGHT IS E1Th~k NEkGATIVt OR POSITIVE
KTE~iPzKT~iP.1

-JDEF))

C THE JbEFITI W'EIGhT 1S UNiR',STWLICTED
165 KT iPK~:Tt.-P+l

BhALF(IAbC,K-ihh?)=SL*.LI('FIhST ,JD)Ei)-STIkiLI(KSEC14D,JLI")
RkiALF(i',KTEI)=hALF(to,,KTLfi)+IhAL(lABC,KTEt4P)
ISST=KTE(,P

3 hL~ib~TLe= lL(IESST)

C CHECK TO SEL IF~ Tn6 ki'Tti ii01 OF JRhALF IS ZEttO,lS SO Th~t TIS3 hEAh~s
C THAT THE h'Th CON~STRAINT C~d.NCT bE. SATISFIED THEREFOHE TliE PROBkLai
C 1$ INFEASIbLEIDO 1234 IChCK=1,h"U-,*TS

IF~hhALFOt,,IChCK)..E.O) GO TO 1235
1234 COfThUEI WiITE(6, 1212)
1212 FORL1AT(h ,//,'I ThE LEFT hAMd SIDE OF ThE h~'Tki CONSTRAINT 1$

-"ZERO,",/,-- ThE STRUCThE OF ThE DATA SET CAUISES THE PRtOBLEZ4"
-TO BE INFEASIBLE")
GO TO 9999

1235 CONTINUE
C CHECK TO SEE IF THE H'lTh ROim OF RhALi CAh SATISFY THEI C REkSTRICTIONw ON ThE WEIGhTS,IF ONEi EXIST

IF(KWFLAG.LKd.2) GO TO 1999
DO 2111 ICk{CK=1,KATTAI IF(Ui(IChCK).EQ.2) GO TO 1999
IF(RhALVU'i,IChCK).GT.0) GO TO 1999

2111 CONTIbUE
c THE PROBLEN IS It.FEASIBLE,IT CANNOT SATISFX THE Ii'Th COLNSTMAIbTI. bUHITE(6,b6)
aGba FOfihAT(1h ,/,tECAUSE Of' THIS PARTICUILAR SPdCIFICkTIGh"

..._.._...



-1uF LI~HGaT hESThICfluNSll,/," TiiE IiIOBLaih IINFLASIBLE"

-to, LLTTIEG ALL ULIGkiTS bb Wdb.STNICTED WILL WRnK')

SENDA-' Th D6FNLOCOLMNSOF THE kIST r.UEL::TS COLW-I.S OF IthALF TO XNP

I~ Thk. FlitST N*-1 CWtiSTkHAITS~ IRkR >=L WITki A RhS 'JALUL OF 0.

~O 400 IT 1 ~kFCrj

C THE& I1TH CUN~SThAlhT lIS =1

C --------------------------------------------1 ~ c 'Ti.R~l'E ThE jNLEBER i Or£li=2E0 ELL2NiLTS(COLLWO IN TtiE niw ST m
C C0LWr'1t5 OF ThE COiN.STRAIiT le.ATPIX. ALSO DETihNlthr IiiCh liOWS(I.E.COLI) HiAVE
c NOil4Z-4;RO ELEE14' IN ThEA-FORi A Cr.FITAIN COLUIih ANDL W~HAT THAT hbl2ERUI C ELENkT S(k.COLA)

CJzO.I C CJ IS Thk. O5jt~fCTIVL. FUNCTION COEFFIM4~T
DO 600 JUST= 1 , Nbi-TS
CULLEN :0
DO 50U Ll-iN:1,fvi

* IFrdiAF(LhJUS).tA.O)GO TU 500
COLL LNCGLLU~h+l
COLA(COLLt.k)=*hALF(LlHN,JUST)
COLI (GOLLEk) =4lijs

C CHECK i'0f TO SEE IFr THIS COLUMN HAS ALL ZERUS IN IT
C ALSO FLAG ThE Uhih~lib tiE1GihTS

IF(COLLEI. .ECJ.0) KWpDZF(JUSiT)1
IF(COLLE!..EW..0) GO TO 600I C PASS THIS COLUMN TO XMP

C ---- ---------------------------------------------

CALL )AVDAJ(CJ,COLA 1 COLI ,COLLEN,COLHAX, IUkRf,J,LENHA,LENhY,HAA,

600 CON~TINUE
C CHECK TO SEE IF ThiERE EXIST AN% UIGHTS THAT khE DEFIe.ED

IF(tN.rE.O) U0 TO 602I ~ WRITE(6,60)
601 FOXNLAT(l- ,"ALL V.EI~hTS ARE UtNDEFINcD bkhICi hAKES IT ItIPOSSIBiLL"

-911 TO SOLVE ThIS ?AftTICULAh FROLLmN iIITh THIS DATA SEI'l)I GO TO 999
U02 COMdTNUE

C SENID THE IW.HA1NIWt COLUNilNSI.E. Tkik Z'S) TO XhP
C lhOTE: EACH Z~ COLDI*N hAS ONE bOti-ZERO ELEHET ANiD AIh ObJECTIVE FUNCTONdI. C COEFFILLNIT Of 1,BUT SINCE XN? OLY MAXIMIZES V.E h*UST 659 -1 AS THE~
C OI3JECTIVk6 F~UNCTION. COELeICLhT



COLLLN= 1I CJ=-1.
CULA(l )1.
LUO TOO J2=1,FC06?dI CJLL(1 )=J2
CALL XALDtAJ(CJ ,COLA,COLE ,C(;LL~x1 ,COL: -AX,1OEkIR,J ,LEthA,LEtti,

700 CUNiUE

DO 710 JXJ=l,b

STATUS(JXJ)=O
710 C0hTINUr.

CALL XSLACK(B~,EA3Cb,BASIS,± ASLB ,bASUb ,biiTYP,BbD,COLA,COLI,

I C------------- - ------------ ----

C SOLVE ThL L.P'. PRGBL'-:%I C
c ----- --- ----------------------------- w------ -----------

CALL XPIhjL(B, SCB,BASIS,LASLB,BASUB ,B1iTP,bOUIND,CA1ND,CAIDA,

X CAi'DCJ,CADiI ,CANLL ,CcjLA,COLI ,COLthAX ,FACT~h,IOERR,I0L0G ,ITERi,

C-------- --------------------- -------------------------------------- --------

C L.RITL OUT THE 1EisiitATO0i'. COD~E OF TtiE L.P. PhtObLef TO TA?. 9

720 FORMAT(lh ,'.Ht: TERM I-NATION COIDE IS",15)
IF(TEhIiid.EQ.1) GiO TO 740
IF(TERIh.4~A) UO TO 9999
bWRITE(6,1356)

1358 FO~hAT(1H3 ~~ Tk. OPTMAL SOLUTI~h D06.S NJOT SATISFY",
* -" ThE ACCURACY CHECK kiROh Xk,TEMtINhATION CODjE 4.W)

C------------------------------------------------ ------------- ---
C TURHNu IS THE TEiIILATION CODE AND 13 EXPLAINED 11; THE DOCUEtiTATIO4
c Of~ Xti

---------------- -- ------------------------------------------

3 ELfh h VALUES OF ThE WIGhTS FilOf ThE XMP 'IAlIAHLS
70IF(Ikb3(KMr'LAG)-l) ?a5,73O,735 *

C KWI Kk.EPS A N"a.TG TOTAL OF ,HAT Md~P VARIAbLE YOU AhiL TALK1hG ABOUT
c WITH/hESPECT TO THE ARiRAY STATUS.

730 KWiT=O
C ALL WE.IGHT ARE~ EITiE khLGATI~~h OR eOSITtVEI, DO dOO 1JJ.1,taUhMTs

C Ctk;CI TO SC~E IF ThE IJJ'Th hEt(M? IS UNGM.LlED

INo



I I~(ld~,id).~.) ix TO boo
c Ch-iCK TO S- . IF llhk. IJJ VRIdALLE; 1S lu "lt. D'Sz

1k'(STATt6S(kLT).EL..) iUUTO 745

tJO TO 600
- 745 1.EIAftT(IJJ):O.

GO TO 60 1

A LL *hJ h u b rTICTrD
? 35 K(JuiT= I

Kd j'=o
D)O 1000 IJJ=1 ,hbtWit,2

t; CC-.C TOS ,; If~ Tbh. k~oUN'Tr- I;hItihT IS UNDEFIiitu

IF(KDEF(IJj).EQ.1) GO TO 757

c ThL kOUNT'Th VEIGiT I" i..EFINEUL

c i~TKlE k. U6i-4Tn v.EIGhT If IT 1IS FIz
LIK=ktA.T

765 GFSAU(iT.~O O TO 7'47I c Thj. KuUjT'qTU Vc.GhT IS Ntt.ZEh

* GO TO 75
747 WE1UUT( kwT ) =.WI750 COhTINUE

c CHr.CK TO S! . IF 16 .VA; ALKEADY CHEOKIJ BOTh ThE PQSlTIVlE AhD hLGATIVE
C PARITS OF ThE i'OU.TITh 6EIGhT

lF(LIK.hE.KL.T) LO TO ?55

C IrUEN LUhzKV,T t;E AR~E ChECKING T'O SEE IF Thi; k~Nl4EGATIVE PART OF TUEI C K0UtNT'Th -IU~iT IS PUSITIVL, SIILARLY IF KWT=LlK+1 UE A~i CHECK~ING TO
-C SEE IF ThwE IUNPUSITIVE eART OF THE KOUhT'ThUfil6GhT IS AiEGATIVE

GO TO ?65
755 LIGhT(KOUNT):6IGHT(Lk)-EIGhT.(Kb"T)I 757 KOUhiT=KOLDIT+l

1000 CON'TIhUL
GO TO 3ol
*.* *********.**.*.*........*..**.*.*.

C THE WEIGHTS ARE N;IkLD

c C JTP KEEPS A RUNNING TOTAL ON~ THE lNUMB-Ef OF hElUUTS,ACTUAL 1UEtGhTS AN~D
C FORh XA-iPLL IF TER ARE 10 6EIGhTfS>=0 ArD 5 bNREStICTED WiEIGHTS Th~EN
C ThE FINAL VALUE OF LCTEM~P WILL BE 15.

IKbT=O
DO0 1100 lAXOl,iIlMtSwr

I~KF~o.N~l) O TO 1730I b1LAG:0
GO TO 1100)

1730 I60B(~(Tsa))E.)G TO 1745



C Thk. tqMk~k"Yh 6riklGhT lb UMSTtt1CTi~
KfLh.= 1

c ChEXC. TO SEE IF Th!:. KUul;T'Th Ir.ItiT LS UiiU1FILLDi

KwT=K6T+1
c Ta6~ &ObWh'.PhP k~hkT IS fjiIlit;

KwDuF( Kuu~&) =0I i~FCTATU3S(kwT).E(.Ca) GUi T( 1755
VjIH(-Ei)XlhU.ik.u(6-)
MT=M T+1I GO TO 1770

l?55 KUT=K6T+l
1E(sTATS(KUT).KE.O) GOi Tus 1766
IUEIGHT( KTjMP ) 0.
Go TO 1770

1766
60 TO 1770

C ThiS KTEPITH LIGMzT IS EIMFh~k - OR~ + BUT IS LOT DiEbTRICTLD
c CiHECK TO SEE~ IF TkE KXu6.T'Th 6LIGhT IS UhDEY14LD

IF~iF~t-~O)..1)GO TO 1770
... F ( T = K(X T J"E 0) GUT OJ 1775

*V. kIuhT =~kP0.

1775 V;EUhT(KT?) =Kj Wit) *Xs7.Li0(TATUS 61'T)0
170KTjtiP=KTLI-.e+1

1100 CulTIN'Wk.

I 601 CONTIU:*
G L'ETtksIhL TAtiE VALUE Ci ThEb 2.13 FORi ALL X%'FLAGS

9SCRI'T=NMJMTSIO2 J=,AT
1F(K~F(IJK).hLi.1) KSCHiPT3=KSCiPT-(IABS(K(IJK)))
DO 900 IIJx1,FCIJ'

lF(STATUS(KSChjT).EQ.O) GO TO b15
Z2(IIJ)=^'bZR0(STfT0.(SCRT))

GO TO 900

900 COthT~hUE
C SIkhCE ivE USED MdP TO MAtI2. AhD IN EkELITI WE WANiTED TO 14TIIHIZE W~E hAD
C TO Z1ULTIPY TRE OLJLCTIMt FUdIXCTIh COEFFICbEhTS bl -1 30 OUR Z(OPTIhzAL)
C ObJECTIVE FUtNCT1OUi VALUE) IS *tEALLY z-1

bWRITL(6,192O) Z
19k0 FOi*IATI ,"Tt&L OTIhAL ObJECTtIVE FbCTIOll VALUEk 18 Z=u ,F1 0.5)

G 6AiTL OUT ThE kIEADIMNa FORl ThE UTPUT
WR1T40(,1930)

FUMAT* * -

-k . . s -t 
-



C 1,.,ITL UV1 ThE IRLUt UF lli, 6LIGitTs
C 1LFLLU IS A 'LU .'hICn IS tQUAL TO ul%6 li' ThLtL hlt idGI Uhtkr~ItjLD WL.IGhTSSlir_'LG=0

VU0 1940 IIJ:1,KitZTA
C Ch.CK~ TO btt. 1IF ThL. %aTATh -1uI-i lbi UNL,±iFINru

Ik, (hl,uk, (I iJ) .L( 4 .O0) uio To 193o
ViftR1(b,Ib42) 11J

I IlthLG= I
GO TO 194C

1950 FU~rimAT ( 1 2,13,1 x, k10 .5)
1940 C(A1TILUE

irhITEOb,I1roC)
1960 F~hPIAT( Ih1,////,I 14-,"A', ,1 9X, "*VALUF.il")

kfil t.(6, 19061 )
1961 FO-bi-AT(ih ,1------------*~-"
c 6ft1Tc OUjT TrL V;ALL- Ur' Tnk Z'S

XL, i200 JL=,CO

1165 FOHhAT(1H ix3,?,O)
1200 COTLibb;
C ChLCLAT--. Thr. SLO(.1LS iwti~ ilAh STMULUS AhUL Vatl.Ti ThE&1 OUT

2022 F~fihAT(1hi //,~"TtUUT,~SO~'"

2023 bO12O2-T(I7 b,v.lI ----- 'I ------

DO 1203 KRfi1,'CATTA
li(K &iiR.1)co To 1203

SCi=SCUzAEE1LUhT( KRk) 'SIN-LI ( KIT,.kAit)
1203 CO"IT~hUE

UIi~TE0,22229) KIT,SCC~iIEI2229 FOH14AT(18 11X,13,1?X,FIO.5)
1202 CON~TINUE

C WRITE OUT A M~ESSAGE IF AN~Y OF' THE IUEI~hTS8 ARE UNDEFINED,I.E. IDEFrLG~1
IF(IDEFLG.EcQ.0) UO TO 1204IRT0,7

17 FOHMAT(lh ,//,' FORl ThE DATA SET USED IN~ TfIlS PHOBL*1 SOME OF THE"

- P" ABOVE. WEIGh"S CUULD haOT bE DLTkkimIhdD")I1204 WhITE(6,19?6)
1976 FOR~MAT( r.,//, PRUMAh TERM.1NATES3 tiORtALLI")
~S'9 CONTINUE

bTup

Ih EN

I;f




